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© Process and compositions for pelletising particulate materials. 

© Particulate metal ore is pelietised by used of a novel polymeric binder that ^^ff>9 rB ^^^ mer 
particles and that have a size mainly above 100am and the aggregates are disintegrated during the process. 
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Process and Composition for Pelletising Particulate Materials 

It is common practice to convert a mass of particulate metal ore material into pellets by distributing a 
binder throughout the particulate ore in the presence of an activating amount of water to form a 
homogeneous moist pelletisable mixture and pelletising this mixture, generally by balling or other conven- 
tional pelletising techniques. The strength of the pellets is generally improved by firing the pellets. 

5 The binder has traditionally been bentonite clay but various proposals have been made to use organic 

polymeric binders. Naturally occurring polymers have been proposed, including cellulose polymers sold 
under the trade name Peridur, but they are not entirely satisfactory and, in particular, it can be rather 
difficult to regulate accurately their addition to the particulate material. Synthetic polymers have also been 
proposed for very many years but their use also has incurred difficulties. For instance, recently it is 

in proposed in U.S. 4,767,449 and 4,802.914 to use dispersions or dry polymers alone or with bentonite. and 
included amongst the polymers that are proposed are certain anionic dry polymers (table 2 column 14 U.S. 
4,767,449). The materials listed there under the trade name Percol have relatively high particle size, for 
instance above 700um. The results obtainable with large particle size products such as these are not 
entirely satisfactory and in particular there is a tendency for the resultant pellets to be contaminated by dust 

75 that is stuck to the surface of the pellets and which is then blown off the pellets during the subsequent 
metallurgical use of them. This dusting problem is thought to be due to the pellets having a surface that is 
stickier than desirable. Whatever the cause, the pellets suffer from the disadvantage that when air is blown 
through a bed of them metal ore dust is entrained in the air and carried out of the furnace. This can create 
undesirable pollution problems and undesirable wear on blowers and other parts of the furnace and 

20 apparatus associated with the furnace. 

In EP 225,171 and 288,150 particular synthetic polymers are proposed and dry particles of these 
polymers should have a size of from 20 to 300um, often at least 50% below 100am. 

The use of these smaller particles tends to give improved pelletising performance (including reduced 
dusting problems) but does incur some handling problems. If the particles are in the form of beads made 

25 by reverse phase polymerisation there is a tendency for them to be contaminated by materials that may 
alter the surface tension of the particles, and potentially therefore their pelletising performance. Generally 
therefore the particles are comminuted gel particles. However handling the very small comminuted gel 
particles can itself cause difficulties partly because of the risk of polymer fines being blown from the mixing 
stage and partly because the flow properties of the particles are not entirely satisfactory and so accurate 

30 dosing of the particles into the particulate material can be difficult. 

According to the invention, pellets of a particulate metal ore are made by distributing a binder 
comprising water soluble polymer particles throughout the particulate ore in the presence of an activating 
amount of water to form an initial mix, homogeneously mixing the initial mix to form a moist pelletisable 
mixture and pelletising the pelletisable mixture, and in this process the binder comprises aggregates of the 

as polymer particles, the aggregates have a size mainly above 100um and the aggregates are disintegrated 
during the process. 

The invention combines the advantages of the use of very small polymer particles, from the point of 
view of pelletising performance and minimisation of dust problems, with the easier handling properties 
associated with the use of large polymer particles. The pellets can have a more uniform shape in the 

40 invention than when using other polymer binders. 

Handling of the polymeric binder is greatly facilitated (relative to the handling properties of the particles) 
since the coarse aggregates can be handled more easily to obtain more uniform flow and with a minimum 
of dusting problems. However this improved handling is not accompanied by a loss of binding properties. 
This appears to be because the aggregates break down during the mixing, mainly into the component 

45 particles, and the binding properties are then influenced to a large extent by these component particles 
rather than the initial aggregates. Thus it is possible to select aggregates of a size that give optimum 
handling and flow properties and which are formed from particles that are of a size that give optimum 
binding properties. 

Since the aggregates are disintegrated during the process, bonding performance in the pellets does not 
so suffer from the normal disadvantages of large polymer particles, and in particular it is possible to avoid the 
sticky surface characteristics, and consequential dusting problems, conventionally associated with the use 
of large polymer particles. The pelletising properties are generally therefore at least at good as the 
pelletising properties that would be expected if the constituent particles of the aggregates had been added 
in conventional particulate form, but in practice we find that in many instances the pelletising properties are 
improved even over this. For instance the dry strength is frequently improved both over the dry strength 
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that would be expected for single particles having the size of the aggregates and over the dry strength that 
" The 1 ;! 9 r^n^ntr tn7 particles during the mixing depends partly upon the nature and 

55 polymer, but is generally below 1 20% and [^ ^JuZ'^so a secondary materia, that is not a so.ub.e 
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adhesiveness for bonding the particles within the aggregate. It is then desirable to include an additional 
bonding agent within the aqueous liquid. 

The aggregate bonding agent that is included in this manner is generally a water soluble polymer which 
is preferably non-ionic and can be a natural polymer, such as a starch or cellulosic polymer, or can be a 

5 synthetic polymer, such as polyvinyl alcohol. 

The bonding agent can be ionic, but if the polymer particles are of an ionic polymer then any ionic 
aggregate bonding agent should be co-ionic. For instance if the polymer particles are anionic then the 
aggregate binder is preferably a low molecular weight (e.g.. below 50.000 and often below 10.000) anionic 
polymer such as sodium polyacrylate. If the polymer particles are of a cationic polymer then any ionic 

jo bonding agent is preferably a low molecular weight cationic polymer such as a polyamine. In general, 
anionic and cationic aggregate bonding agents can be formed from anionic and cationic monomers, usually 
blended with non-ionic monomer, selected from the same monomers as are discussed below for the 
polymer particles. If aggregate bonding agent is included, its amount is usually below 10%, frequently 0.05 
to 1% based on the weight of aggregate. 

15 The aggregates are generally rendered substantially non adhesive and dry during or after their 

formation, for instance by drying sufficiently to drive off the water, but in some instances it is convenient to 
form the aggregates at the point of use and to mix the moist aggregates into the particulate metal ore 
without prior evaporation of all the water. 

The water soluble, particulate polymer that is in the form of aggregates can be a natural or modified 

20 natural polymer such as a starch or cellulose, for instance carboxy methyl cellulose polymer, or may be a 
synthetic polymer, for instance formed from a water soluble ethylenicaliy unsaturated monomer or monomer 
blend. Generally it is an ionic synthetic polymer formed from anionic or cationic monomer, optionally with a 
non-ionic monomer. It may be amphoteric, being formed from a mixture of cationic and anionic monomers, 
optionally with non-ionic monomer. 

25 Suitable anionic monomers are ethylenicaliy unsaturated carboxylic acids or sulphonic acids, often in 

the form of a water soluble ammonium or, preferably, alkali metal salt. Suitable carboxylic acids are 
methacrylic, itaconic, maleic or, preferably, acrylic acid. Suitable sulphonic acids include allyl, methallyl, 
vinyl and 2-acrylamido-2-methyl propane sulphonic acids, usually as alkali metal salt. 

Suitable cationic monomers include dialkylaminoaikyi (meth) -acrylamides and -acrylates, usually as 

30 acid addition or quaternary ammonium salts, and monomers such as diallyl dimethyl ammonium chloride. 
Suitable non-ionic monomers include methacryiamide and acryiamide. 

The polymer is normally unreactive but can include groups that will cause cross linking, for instance 
methylol acryiamide groups or it can be promoted by the addition of glyoxal under appropriate conditions. 
The polymer can include a mixture of water soluble cationic and water soluble anionic polymers in dry form 

35 since the mixture will be stable when dry but will react to insolubilise the polymer when wet. Thus 
aggregates of anionic polymer may be mixed dry with aggregates of cationic polymer. 

The molecular weight of the polymer will normally be selected so that the polymer has the desired 
binding properties, and thus normally the molecular weight is above 1 million. The intrinsic viscosity is 
generally above 2 or 3dl/g, and often above 4dl/g. When the polymer is cationic, values of up to 12 or 

40 I5dl/g are usually adequate but when the polymer is non-ionic or anionic values of up to 25 or 30dl/g may 
be used. However the preferred materials are anionic polymers made from a water soluble blend of non- 
ionic ethylenicaliy unsaturated monomer (generally acryiamide) and ethylenicaliy unsaturated carboxylic 
monomer. The amount of this monomer is generally in the range 5 to 30 or 40%, preferably 5 to 20%, by 
weight of total monomers. The polymer preferably has intrinsic viscosity of from 2 to I6dl/g, and for most 

45 purposes an intrinsic viscosity of about 2 to 6dl/g is very satisfactory although values in the range of 3 to 
I0dl/g can also give useful results. 

Although the polymer particles can have a size up to. for instance, 500um. they are usually mainly 
below 300um and most usually mainly below 200um and often mainly below 100um. e.g.. at least 90% 
below 200um and at least 40% below 100am. Generally they are at least lOum, but they can be smaller, 

so e.g., mm or less. 

The polymer particles can have been made by any convenient polymerisation technique including 
precipitation polymerisation or solution polymerisation, but generally will have been made by gel poly- 
merisation or reverse phase polymerisation. Preferred particles are those that have been made by gel 
polymerisation followed by comminution, for instance in conventional manner. The particles may be the 
55 entire product of the comminution thus generally including a spread of particle sizes) or they may be a 
narrow fraction sieved from the entire product (for instance being the finer particles separated from the 
comminuted product). 

The aggregates can be formed solely from the polymer particles and optionally bonding agent but it is 
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freauentiy desirable to inciude a secondary material in the mix that is to be aggregated. Th.s material can 
modif the performance of the aggregates and can facilitate the production of aggregates ;oi ^any de .red 
Le by faciHtating the comminution of the adhesive mass into the des.red aggregates. In particular the 
sKonLT"**™ can be a disintegrating aid for promoting disintegration of the aggregates. Th.s 
s dfsimeoratinq atd can be a water insoluble particulate materia, that will prevent the polymer parte es 
3 SSr^y to each other and so wi.l promote disintegration. Examples include coal, coke f ne 
meta s limestone dolomite and clays, provided that the Cay does not have a structure such ha the 
p^tmer Penetrates firmly into the Cay. Generally however the disintegrating aid is h.ghly water soluble^ ,n 
fhe sense that when the aggregate is contacted with water, the disintegrating a.d w,ll d.ssolve faste than 
,o the polymer partic.es. Particulate secondary materia, wi.l usually be below 150um and w,l. usua.ly be 

^ ZT^^Z^T^ a polymeric binder, it is we,. Known to include a 
Preferably such a S materia, is used in the .nvention as part of the ™*<:^ ^^"^ * 
water soluble monomeric material and suitable mater.als are desenbed .n EP 225.171 and 288 150 and m 
„ 4 767 449 and 4.802.91 4. Generally the materials are selected from sodium carbonate, sod.um 

bicarbonate sodium silicate, sodium phosphate, sodium stearate. sodium benzoate. sod.um tartrate, sod.um 
oX sodium cTate. sodium acetate, the corresponding ammonium, potassium, calcium and magnes.um 
salts of the preceding sodium salts, urea and calcium oxide, preferably sodium carbonate. 

Sod urn carbonate or other such pe..etis,ng aid can thus be inc.uded in the aggregates ^ as to promote 
20 disintegration of the aggregates in the presence of water. Additional pelleting a.d can be added to the 
oartcuSe metal or separately. However it is particularly preferred in the invention to .nclude particulate 
Seeing Z in the aggregates since this facilitates the production of aggregates hav.ng the desired 
Wabi S and flow propen.es provides a homogeneous storage stable product and results ,n easy ana 
s mu aneous addition of the particu.ate binder and the peUetising aid. If attempts are made merely to admix 
25 pXmed aggregates to the polymer partic.es with particu.ate pe.letising aid. there ,. a tendency < the 
pSetising aid to separate from the polymeric aggregates during transport and storage and th.s .s avo.ded 
by forming the aggregates from a mixture of the peiletising aid and the polymer.c particles. 

Tvoica. content of the aggregates is about 50 to 90% by weight of the water soluble polymer aoout 95 
to 10% by weight of the peStisfng aid and 0 to 10% by we.ght of the aggregate bonding agent, but wherr 
30 as is oreferred the aggregates contain substantia.ly a.l the peiletising aid that .s requ.red for the 
Pell^tisaTon then preferred pmportons are about 40 to 70% polymer, about 60 to 30% pe.let.s.ng a.d and 0 

t0 TteZZ**T^Z n * least 90% above tOOum since otherwise their use will be accompanied 
by me proems of flow and dusting of fine polymer particles, and wi.l generally be above 300um. At ^these 
relatively small sizes the use of aggregates still gives significant advantages over the use of the 
omponen sma. er polymeric particles, but the invention is of particular value when the aggregates a e 
substantia, y all above 500am, for instance 90% above about 500am. in which event the polymer partCes 
are preSably substantial.y a.l below 300am. If the aggregates are too large, un.form m.x.ng of the* into 
the mass may be 'difficult and so they are usually below 5mm. or at the most ,0mm, .n s.ze. Aggregates 
havina a size of 700am to 3mm are generally preferred. 

It snou.d be noted that aggregates suitable for use in the invention, and methods of matang them and 
thei use in ton ore pelletisation are also described in EP 326.382. This was published after the pnonty date 
of the "present invention and its disclosure of aggregates for iron ore pe.letisation has the same pnonty date, 
and is based on the same priority document, as the present application. 

The Sde mi include polymer additional to the polymeric aggregates but generally the aggregates 
consmute at leas?50% of the polymeric content of the binder. It is generally undesirable or unnecessary to 
make any deHbe ate add t on of non-aggregated polymer particles and so preferably substantially a he 
oolime particles in the binder are present as the aggregates. Ideally therefore 100% by we.ght of the 
partCe a^ provided as aggregates but of course these aggregates are likely to be , con ammate Iwth 
sma Tamounts'of free component particles and so generally at least 80% by P * MS 
arinrpn3t M i e at the time of addition of the binder to the particulate metal ore. 

and/or seauestering agents such as ethylene diamine tetra acetic ac.d may be mcluded, preferably in the 
aoo eoates s ^ Is ?o improve performance in the presence of salts causing water hardness. Another way of 
achieving this * "to include a sulphonated polymer, preferably 2-acrylamido 2-methyl propane sulphonate. 

35 T*\^tt1Z£» -tonite as part of the binder. 

aggregates it is generally more preferred to keep it separate from the aggregates and to add it sequent.a.ly 
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or simultaneously to the metal ore with the aggregates. The addition of bentonite with the aggregates gives 
better performance than the addition of bentonite with the constituent polymer particles of the aggregates. 
We believe that this is because the polymer particles and the aggregates absorb water from the particulate 
mixture more slowly than the constituent particles would, if they had been added in non-aggregated form. 
5 and that this slower absorption of water by the polymer particles allows the bentonite to be activated more 
efficiently by the moisture in the mix. The proportions of bentonite to polymer can be as described in U.S. 
4,767,449. 

The particulate metal ore generally is an iron ore or a titanium-bearing ore. but can be any metal ore 
that is capable of being pelletised. The moist pelletisable mixture must contain an amount of water that is 

to appropriate for activation of the binder and. as is known, the optimum amount of water for this purpose will 
vary according to the nature of the ore and the pelletising and other process conditions. Generally it is in 
the range 5 to 15% by weight of the total mixture. Some or all of the water for this purpose may be added 
deliberately to the mixture but generally most or all of the moisture is introduced initially with the 
components of the mixture, in particular as a result of the use of damp particulate metal ore. 

/s The pellets can be made by compression techniques but preferably are made by conventional 

techniques that do not involve compression such as the conventional tumbling, rolling or balling pelletising 
techniques. The particle size of the metal ore will be conventional for pelletisation and is typically below 
100am. often mainly below 50um. The pellets are normally dried and fired, after manufacture and before 
use. 

20 They can have conventional size for ore pellets. 

In general, the pelletising techniques, materials and products may be conventional, for instance as in 
EP 225171 , except that the binder is added in the form of the aggregates. 
The following are some examples. 



Example 1 

A copolymer of about 60% by weight acrylamide and 40% by weight sodium acrylate and having IV 
about I0dl/g is formed by gel polymerisation and it was then dried and comminuted to particles 100% 

30 below 200am, in conventional manner. 250g of these particles are mixed with 250g sodium carbonate 
particles 100% below 200um in the bowl of a Hobart food mixer with various amounts of water and is 
stirred until the mass has a uniform friability. The amounts of water that are added ranged from 0.15 parts 
to 1 part per part by weight of polymer and sodium carbonate mixture and it is found that increasing the 
amount of water give stronger bonding of the aggregates. 

35 The moist mixture is allowed to dry in air for two days and is then forced through a 2mm sieve in order 

to break the brittle but friable product into aggregates to give a product 90% above 125am and 72% below 
710um. 



40 Example 2 

The process of example 1 is repeated but using copolymers of acrylamide and. respectively. 35%, 20°/< 
and 10% sodium acrylate with intrinsic viscosities of, respectively, about 6dl/g, about 6dl/g and about 3dl/g. 



45 

Example 3 

The process of example 1 is repeated using a copolymer of 80% by weight acrylamide and 20% by 
weight sodium acrylate having intrinsic viscosity about 6di/g and the water used for bonding the particles 
so included polyvinyl alcohol. 



Example 4 

In processes according to the invention, aggregates made in preceding examples are scattered at a 
dose of 0.06% by weight on to a particulate iron ore concentrate having a moisture content of 9.3% and a 
particle size below 50um. are thoroughly mixed into the concentrate, and the blend is then converted to 
pellets in a balling drum and fired in conventional manner. In a comparison, the same iron ore concentrate 
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has the same dosage of binder added to it but the binder. is added in the form of the starting part,cles of 
sodium carbonate and the starting partioles of polymer. In other processes. 0.04% of the aggregate and 
0 2 t ben^te are added together. In other processes the aggregates are not dried (thereby sav.ng dry.ng 

^'^Z^c^T^on of the aggregates is very much easier to perform from the point of 
view of flow and handling properties and minimisation of polymer dusting problems, relative to the use of 

^ ^SX^^ *« or. particles in the air forced through a bed o, the pellets, 
during firing, is observed. It is consistently seen to be satisfactorily low. However in a further comparison^ 
where the polymer used in example 3 is introduced in the form of non-aggregated particles hav.ng a s.ze 
above 500um a significant amount of metal ore dust is entrained by the air. 

Typical ^su.t? obtainable in this example are shown below, and demonstrate that the improved 
handling and reduced ore dusting advantages of the invention are associated with pe et.s.ng properties that 
are at least as good, and often better, than when the polymer is added in the form of free particles. 
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Claims 



1 A process in which pellets of a particulate metal ore are made by distributing a binder comp nang 
4 0 water' soluble polymer particles throughout the particulate ore in the presence of an act.vat.ng amount of 
: e to form n initial mix. homogeneously mixing the initia, mix to form a moist pelletisable m^and 
pel letising the pelletisab.e mixture, characterised in that the binder comprises aggregates of the polymer 
paSes the aggregates have a size mainly above tOOum and the aggregates are disintegrated dur,ng the 

process. according t0 claim , in wh ich the binder also includes a pelletising aid. 

3 A process according to claim 2 in which the pelletising aid is included in the aggregates and « a 
water solute monomeric 'compound that promotes disintegration of the aggregates in the presence of 

W3t 3 4. A process according to claim 2 or claim 3 in which substantially all the pelletising aid is included in 

so the aqgregates in admixture with the polymer particles. - nH i.im 
ago 9 Qf dajms 2 tQ 4 .„ whjch the pelletlsing atd , s selected ^ns^um 

carbonate sodium bicarbonate, sodium silicate, sodium phosphate, sodium stearate. sod.um benzoate, 
sodium tartrate sodium oxy.ate. sodium citrate, sodium acetate, the corresponding ammon.um potass.unr 
cafcium anTmagnesium salts of the preceding sodium salts, urea and calcium oxide, preferably sod.um 
55 carbonate. ^ ^ ^ . n ^ ^ also jn dQS bentonite. 

7 A orocess according to any preceding claim in which the aggregates have been formed I by 
aggregation of the p^ymer particles'in the presence of aqueous liquid substantially without the application 
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of pressure. 

8. A process according t w claim 7 in which the aqueous liquid included water soluble polymeric bonding 

agent. " 

9. A process according to claim 7 or claim 8 in which the aggregates are added to the pariculate ore 

5 substantially without intermediate drying. 

10. A process according to any preceding claim in which the aggregates are added to the particulate 

ore while dry. 

11 . A process according to any of claims 2 to 4 in which the aggregates are formed of 40 to 70% by 
weight of the polymer particles. 60 to 30% by weight pelletising aid and 0 to 10% by weight water soluble 

jo polymeric bonding agent. 

12. A process according to any preceding claim in which the aggregates are substantially all above 
SOOurn and are formed from polymer particles substantially all below 300um. 

13. A process according to claim 12 in which the aggregates are substantially all 500am to 3mm and 
are formed from polymer particles at least 90% below 200um and at least 40% below 100um. 

/5 14. A process according to any preceding claim in which substantially all the water soluble polymer 

particles in the binder are added to the ore while in the form of the aggregates. 

15. A process according to any preceding claim in which the aggregates are disintegrated mainly after 
the formation of the initial mix. 

16. A process according to any preceding claim in which the water soluble polymer that is present as 
20 particles in the aggregates is selected from water soluble starches, water soluble celluloses and water 

soluble polymers of one or more ethylenically unsaturated monomers and has a molecular weight of at least 
1 million. 

17. A process according to claim 16 in which the polymer is an anionic polymer made from a water 
soluble blend of non-ionic ethylenically unsaturated monomer and ethylenically unsaturated carboxylic 

25 monomer in an amount of 5 to 20% by weight of total monomers and has intrinsic viscosity of about 2 to 
about I6dl/g. 

18. A process according to any preceding claim in which the metal ore is selected from iron ore and 
titanium-bearing ores, the total amount of water in the moist pelletisable mixture is 5 to 15% by weight, and 
the pelletisation is by tumbling, roiling or balling followed by firing. 

30 19. A binder for use in the process of any preceding claim comprising aggregates having a size mainly 

above 100am of water soluble polymer particles and that contain 50 to 90% by weight of the polymer 
particles. 95 to 10% by weight pelletising aid and 0 to 10% by weight aggregate bonding agent. 
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